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SUMMARY  
Due to the potential effects of vehicle emissions on human health, the ability to predict 
ultrafine particle number concentration and dispersion is important for maintaining a healthy 
environment and evaluating human exposure. This study aimed to investigate the 
concentration and distribution of airborne particles at a bus station, with the buses idling. The 
results of the CFD modeling used in this study indicated that wind direction, wind speed and 
the ultrafine particle emission factors of buses all play a critical role in determining pollutant 
concentration and distribution. Airborne particles were found to increase down wind from the 
bus station and decrease with increasing distance from the bus station. This study also 
compared the results of the CFD model with experimental measurements and confirmed that 
CFD modeling is a fast, simple and effective method for predicting ultrafine particle number 
concentration and dispersion produced by idling buses. Further studies should aim at 
developing predictive models for ultrafine particle number concentration when the buses are 
in motion, in order to determine the relative importance of acceleration and deceleration in 
contributing to pollutant dispersion. 
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INTRODUCTION 
The effects of vehicle emissions on human health are well-known (Hoek et al., 2000; 
Kjellstrom et al., 2002; Nyberg et al., 2000) and bus stations are often defined as ‘hot spots’, 
displaying some of the highest pollutant concentrations, as a result of the incomplete 
combustion of fuel when the buses are decelerating, idling and accelerating. This is becoming 
an increasingly important area for research, as many people spend a considerable amount of 
time waiting for buses and most newly built ‘Public Transport Interchanges’ (PTI) are now 
located underground, essentially trapping these pollutants. Whilst there has been a 
considerable number of studies conducted at underground bus stations to investigate the 
relationship between the ventilation system and pollutant removal efficiency (Chow et al., 
2006; Tsou et al., 2002; Yan et al., 2003; Zhang et al., 2006), there have been few studies on 
pollution concentration and passenger exposure at bus stations, and even less that have used 
CFD modeling to predict ultrafine particle number concentration and distribution. Knowledge 
of the spatial distribution of ultrafine particles is the first step in evaluating exposure risk and 
in order to address these gaps in knowledge, this study aimed to use the CFD method to 
characterise ultrafine particle dynamics at bus station platforms and to develop a method for 
predicting ultrafine particle number distribution when the buses are idling.  
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Case description 
The dimensions of the bus station were 60m x 26.5m x 3.5m and the dimensions of the 
computational domain used were 120m x 100m x 50m (L x W x H). The bus station was 
located on a raised podium along the centre of the domain and access to the platforms is via 
lifts at one end of the station (Figure 1). There were glass walls behind both the inbound and 
outbound platforms, with narrow openings along the top and bottom of the wall (Figure 2). 
Behind the inbound platform, there was a building the same length as the bus station, which 
stood 5m higher than the roof of the inbound platform. Behind the outbound platform, there 
was a dual train line running perpendicular to the bus station and on the other side of the train 
line, there was a residential building which stood 21.5m higher than the roof of the outbound 
platform (Figure 1). 
 
In order to compare the results of the modeling with actual experimental data, the number and 
position of the buses, observed during measurements taken between 7:18:00-7:19:00 am on 
25 June 2005, were used in the CFD model. At the time of the experimental measurements, 
there were three diesel buses (dimensions 11 x 3 x 3.2m) idling at the inbound platform and 
no buses idling at the outbound platform (Figure 1). As three buses arrived at different time. 
In this modeling case, only one bus was considered. 
 
 
 
Figure 1. Computational model of the bus station. 
 
 
 
                           
Figure 2. Openings on glass walls at each platform. 
 
  
 
Boundary conditions 
In order to allow for the validation of the modeling results, meteorological data collected from 
experimental measurements conducted during 7:18:00-7:19:00 am on 25 June 2005 were also 
used as boundary conditions in the CFD model (Table 1).  
 
Table 1. Meteorological conditions. 
Temperature RH Pressure Wind direction Wind speed 
14oC 58.4% 1024.5 hPa 
27o to inbound 
direction 
0.472m/s 
 
The factors that influence vehicle emissions include: engine ignition timing, air-fuel ratio, 
compression ratio, combustion chamber geometry, and more importantly, whether the vehicle 
is idling, accelerating or decelerating (Masters, 1991). During the experimental measurements 
conducted on 25th June of 2005, 3 idling buses were waiting at the bus stations and as such, 
point sources were placed on the exhaust pipes at the back of each bus, with a particle number 
emission factor of 1.5x1011 particles/s (Morawska et al., 2007). Vehicle exhaust volume was 
1250 l/min and the temperature was 200oC (Ristovski et al., 2006).  
 
Particle size distribution of diesel bus emissions distributes in the range of 80 to 90nm 
(Jayaratne et al., 2008)Therefore an average exhaust particle diameter 85nm was used in the 
model. As determined by a number of peer reviewed studies, atmospheric dispersion was 
found to be the dominant mechanism in determining particle number concentration near point 
sources and therefore, coagulation and condensation/evaporation were not considered in 
current work. 
 
Modeling approach 
The commercial CFD software, FLUENT and the standard k-ε model, were used to perform 
the analysis of ultrafine particle number concentration, ambient temperature and wind flow. 
The simulations used hexahedral mesh to divide the computational domain, with the final 
independence value determined when further refinement was shown to have an insignificant 
effect on the numerical results. About 600,000 control volumes were used to represent the 
flow field and the modeling results were then validated by the experimental measurements 
conducted on 25th June 2005.   
 
MODELING RESULTS  
 
Particle number concentration 
As the experimental measurements were conducted at a single location on the inbound 
platform, at a height (y) of 2.3 m and 0.5m from the edge of the platform (x), as FLUENT 
calculates volume firstly, particle volume fraction was obtained for 30 points, at 2m intervals 
along the platform, with the same x and y values. Particle number concentration was than 
calculated by the equation: 
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where v  is the volume of particles. ni and Di are the number and diameter of particles of a 
certain size class (i), and Dav is the diameter of average volume, determined from the 
experimental measurements to be 85nm. The particle number concentration at each point 
along the inbound platform are shown in Figure 3.  
  
 
 
Figure 3. Particle number concentration of chosen points at inbound platform. 
 
From Figure 3 it can be sent that the highest particle number concentration on the inbound 
platform was 31000 P/cm3. It can also be seen that, particle number concentration was very 
low in the opposite direction of bus moving, due to the fact that the buses were facing 
downwind, with the exhaust particles being blown towards the beginning of the platform, 
where particle number concentration higher. 
 
Model validation by comparison with experimental data 
This study compared the results of the CFD model with experimental measurements. Figure 4 
shows the particle number concentration results from experimental measurements conducted 
between 07:18:00-07:19:00 on 25th June 2005. This period was chosen since the particle 
number concentration varied obviously during this minute. Thus the effects of bus emissions 
can be observed distinctly. The monitoring place is at 20m to the beginning of the inbound 
platform and with height 2.8 to the ground of the platform. 
 
 
Figure 4. Measured particle number concentration at inbound.  
 
From Figure 4 it can be said three buses arrived at different time, which corresponds with 
three peaks in the figure. The increasing of particle number concentration for each bus is 
(2.3~3.4) X104 P/cm3. This is in the same order of magnitude as the modelling results. The 
difference of experimental data and modelling results are due to the exact place for bus 
stoping is not available. Besides, due to the fact that coagulation, deposition and evaporation 
were not considered in the model. This preliminary result indicates the applicability of the 
CFD model for predicting ultrafine particle number concentration close to emission sources. 
 
Further data analysis 
In order to compare particle number concentration of different distances to the curb of the 
inbound platforms, 4 lines along the platform with distance 0m, 0.5m, 1m and 1.5m were 
closed to calculate particle number concentration. The results are shown in Figure 5. 
 
 
Figure 5. Particle number concentration on the inbound platform with different distances to 
the curb. 
 
It can be seen that, the particle number concentration decreases with the increased distance to 
the edge of platform. There is 10000 P/cm3 decreasing for particle number concentration at 
the first 0.5m to the edge. 7000 P/cm3 decreasing and 4000 P/cm3 decreasing is for the 
following second and third 0.5m respectively. Far from the edge, not only particle number 
concentration reduces, but also the variation of particle number concentration decreases. The 
bus has no effect towards the centre and back of the platform. Particle number concentration 
is only significantly higher on the inbound platform where bus stops, as the direction and 
velocity of wind flow along the centre of the platform prevents the particles from the start 
area being blown across to the outbound platform. 
 
Figure 6 shows the particle number concentration varies with heights increasing. Particle 
number concentration keeps increasing until 0.5m. The lowest point occurred at 2.5m high. 
Then the particle number concentration increases again. This is because when air reaches the 
ceiling of platform, vortex is produced and air brings ascending particles downwards. 
b 
Figure 6. Wind flow field plane at y = 1.3m. 
 
 
DISCUSSION 
To our knowledge, this is the first study to explore the determinants of ultrafine particle 
number concentration at a bus station, using CFD modelling. In the absence of prior scientific 
studies to evaluate the accuracy of CFD modelling in predicting human exposure to ultrafine 
particles, the observed similarities between the experimental and modelling results in this 
study provide sufficient evidence to support the use of the proposed CFD model in future 
investigations. However, these findings are limited to idling buses, for a defined particle size, 
without taking into account the effects of coagulation and deposition on particle number 
concentration.  In addition, these findings reflect ultrafine particle number concentration at 
one platform of one bus station and may not be an accurate representation of the particle 
number concentrations present at other bus stations.  
 
CONCLUSIONS 
Passengers spend quite large amount of time at bus stations and as such, health exposure 
studies must account for vehicle emitted ultrafine particle number concentration at platforms, 
in order to obtain an accurate assessment of passenger exposure profiles. Of all the 
independent variables examined, ultrafine particle emission factors, wind speed and wind 
direction had the greatest influence on ultrafine particle number concentration and distribution. 
Predictive CFD models, compared with experimental measurement data at bus stations, 
performed reasonably well in estimating ultrafine particle number concentration, however, 
further investigations and revisions of the model are required. Further studies should now aim 
at developing predictive models for ultrafine particle number concentration when the buses 
are in motion, in order to determine the relative importance of acceleration and deceleration in 
contributing to pollutant dispersion. 
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